INTRODUCTION
Side impact condition which is a focus of C-NCAP regulation occupies an important position in the whole evaluation system. Because side space of a car is relatively small, the development of crashworthiness is usually a tough job. The key criteria in a side impact are intrusion velocity, intrusion acceleration and CG acceleration, etc. But different indicators are often contradictory. For example, if the side structure of the a car is "hard", namely, the structure stiffness is large, usually intrusion will not be so serious, whereas intrusion velocity and acceleration will increase sharply, which will bring harm to passenger's head. On the contrary, when the concept of energy absorbing is applied in the side design, in order to obtain a more stable intrusion velocity, this will inevitably bing a substantial increase of intrusion distance and the contact between dummy and door panel. Therefore, considering the numerous design objectives and their relations, a balance should be achieved.
Side structure is set as the study object in this paper. A high accuracy approximation model which consists of front and back door intrusion, intrusion velocity of B-pillar and total mass is established. The four indicators are set as target and thickness of car components are set as optimization variables. The optimization design based on NSGA-II algorithm is adopted to improve and enhance the side crashworthiness.
FINITE ELEMENT MODEL OF SIDE IMPACT
In this paper, a sedan car model is firstly meshed with quadrilateral grid and mesh size is controlled within 10mm. Triangular grid is used in the local area, such as fillet and overlap. Secondly, the body material cards are established, using MAT24 elastic plastic material model. The connection between steel plates is simulated by spot-weld element and bolt is simulated by rigid element. Movable deformable barrier is set as C-NCAP regulation and the front end of honeycomb aluminum structure is simulated by MAT_HONEYCOMB. Finally, contact cards are set and side impact model is established, as shown in Figure 1 . ABSTRACT: Car side impact is a highly non-linear process, involving numerous parts, in the optimization of crashworthiness, it is necessary to take into account the amount of invasion and intrusion speed, but also the impact on lightweight design. Thicknesses of main components of car side are set as design variables, invasion of front and back door and intrusion speed of B-pillar are set as design targets. By use of orthogonal experimental design and method of least squares fitting, a high precision response surface model is built. A platform is built using ISIGHT software for the multi-objective optimization based on NSGA-algorithm. The result shows that, compared to the original model, the optimized amount of invasion and intrusion speed can both achieve over 10% improvement and total mass reduces by nearly 2kg. So it proves that the optimization is effective and feasible.
3 MULTI-OBJECTIVE OPTIMIZATION PROBLEM
Mathematical model of optimization problem
In a multi-objective optimization problem, one objective often conflicts with another. Therefore, it is very difficult to find a group or several groups of solutions that each objective can achieve the optimal. Multi-objective optimization can be understood as a mathematical programming problem, we can define it as:
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Where x is the variable; f(x) is the objective function; RΩ is the variable domain; g(x) is the inequality constraint; h(x) is the equality constraint.
NSGA-Ⅱ algorithm
NSGA-Ⅱ algorithm is proposed early in 2000. Compared to the traditional genetic algorithm, it comes up with the congestion degree and crowded comparison operator concept, namely, to estimate population density with the distance between solutions. This will be used as a winning criteria for comparison between individuals. The application of NSGA-II algorithm reduces the computational complexity significantly, while greatly improving the speed of calculation, the algorithm process is shown in Figure 2 . 
Optimization variables and objectives determination
There are many parts in car side structure, so if all components are defined as optimization variables, thing will become not only inefficient, but also useless. Sensitivity analysis can be a very quick way to determine the most significant variables on the optimization objectives through the range and variance analysis, thus greatly reducing the waste of computing resources. Through sensitivity analysis, this paper selects 7 parts' thickness as variables: front door inner panel, B-pillar reinforcing panel, rear door inner panel, front bumper bar, door sill reinforcing panel, roof crossbeam, floor crossbeam, respectively T 1 to T 7 , as shown in Figure 3 . Research shows occupant injury has a direct relationship with the side structure intrusion and Bpillar intrusion velocity. In order to improve the dummy rating in the side impact, intrusion as well as intrusion velocity must be taken into account. In summary, the front door intrusion, back door intrusion, B-pillar intrusion velocity and total mass are regarded as four objectives, respectively, using L f , L r , V B and M to express.
Experiment plan design
Orthogonal experimental design is a method of multi factors and multi levels. It picks out a part of representative points for test according to the orthogonal from the comprehensive test. Each test is representative. Orthogonal experimental design is a main method of factor analysis. It is efficient, rapid and economical.
By method of orthogonal design, a orthogonal table with three factors and seven levels is selected and 18 finite element analysis are carried out respectively, collecting the optimal target value, as shown in table 1.
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Construction of response surface model
The optimization of crashworthiness involves a large number of non-linear relationships and it is difficult to obtain through manual calculation. Response surface method is a kind of fast approaching method, which can be used to describe the relationship between the design target and the thickness of the components through polynomials. The essence of response surface model is polynomial. According to the complexity of the model, different order polynomials can be fitted. The higher the order, the better the degree of reproduction of the model. But this also leads to a substantial increase in complexity and the requirement for the calculation resources. In the practical application of engineering, we are used to adopt the second order model, which can be expressed as:
By fitting, response surface models of V B , L r , M and L f are obtained respectively. The 3D surface drawings of the front door intrusion, the rear door intrusion, and the intrusion velocity of the B-pillar are listed in Figure 4~6 . The fitting accuracy of response surface model is tested by determination coefficient and adjusted determination coefficient. The two parameters in this model are both more than 99%, which is close to 1. It shows that the response surface model is accurate and can be used in the following optimization. 
Multi-objective optimization based on NSGA-Ⅱ algorithm
In the optimization model established in this paper, firstly the intrusion of the front and rear doors should be reduced to a lower level, at the same time taking into account the lightweight factor, while the Bpillar intrusion velocity is considered as a constraint function. According to the actual thickness of the vehicle, the initial range of 7 optimization variables is 0.8 to 2.4mm. Based on the ISIGHT platform, the iteration number is set to 100 and the pareto front solution set is obtained by optimization calculation. The solution set aims to achieve a balance among several objectives. According to the principle of intrusion first, intrusion velocity second, one group of solution is selected to verify the accuracy, as shown in Table  2 and Figure 7~9 . Through the finite element calculation, we compared the result with multiobjective optimization result and the gap is less than 5%, which shows that the optimization results are credible. In the end, the front door intrusion, the back door intrusion and B-pillar intrusion velocity are increased by 13.2%, 10.3% and 11.9% respectively. 
CONCLUSIONS
This paper is aimed at the solution of nonlinear and complex process in the car side impact. The orthogonal design, response surface model and NSGA-II algorithm are combined to increase the crashworthiness of side structure. The following conclusions have been drawn: (1) 18 groups of data are collected by orthogonal design method and the second order accurate approximation model is established according to the finite sample points.
(2) Based on the NSGA-II algorithm, this paper strikes a balance among the front and rear door intrusion, B-pillar intrusion velocity and total mass. Through multi-objective optimization, each objective has achieved a increase of more than 10%.
(3) The traditional crashworthiness design method relies solely on finite element method, which will consume a large amount of computing resources. In this paper, response surface and NSGA-II algorithm are combined together in order to improve computational efficiency, which provides a good guide to the promotion of crashworthiness.
